Matching readers to texts with the Strathclyde readability measure by Campbell, G. & Weir, G.R.S.
Strathprints Institutional Repository
Campbell, G. and Weir, G.R.S. (2006) Matching readers to texts with the Strathclyde readability
measure. In: ICT in the Analysis, Teaching and Learning of Languages, Preprints of the ICTATLL
Workshop 2006, 2006-08-21 - 2006-08-22, Glasgow, UK.
Strathprints is designed to allow users to access the research output of the University of Strathclyde.
Copyright c© and Moral Rights for the papers on this site are retained by the individual authors
and/or other copyright owners. You may not engage in further distribution of the material for any
profitmaking activities or any commercial gain. You may freely distribute both the url (http://
strathprints.strath.ac.uk/) and the content of this paper for research or study, educational, or
not-for-profit purposes without prior permission or charge.
Any correspondence concerning this service should be sent to Strathprints administrator:
mailto:strathprints@strath.ac.uk
http://strathprints.strath.ac.uk/
 
 
 
Campbell, G. and Weir, G. R. S. (2006) Matching readers to texts with the Strathclyde 
readability measure. In: ICT in the Analysis, Teaching and Learning of Languages, 
Preprints of the ICTATLL Workshop 2006, Glasgow, UK.
 
  
 
http://eprints.cdlr.strath.ac.uk/2382/
  
  
Strathprints is designed to allow users to access the research output of the 
University of Strathclyde. Copyright © and Moral Rights for the papers 
on this site are retained by the individual authors and/or other copyright 
owners. Users may download and/or print one copy of any article(s) in 
Strathprints to facilitate their private study or for non-commercial 
research. You may not engage in further distribution of the material or 
use it for any profit-making activities or any commercial gain. You may 
freely distribute the url (http://eprints.cdlr.strath.ac.uk) of the Strathprints 
website. 
 
Any correspondence concerning this service should be sent to The 
Strathprints Administrator: eprints@cis.strath.ac.uk
 
MATCHING READERS TO TEXTS 
The Strathclyde Complexity Measure 
Graham Campbell 
c/o Dr G. Weir, Department of Computer and Information Sciences, University of Strathclyde, Livingstone Tower, 
Glasgow, UK 
Email: gj.thewhite@gmail.com 
Dr. George Weir 
Department of Computer and Information Sciences, University of Strathclyde, Livingstone Tower, Glasgow, UK 
Email: george.weir@cis.strath.ac.uk 
Keywords: Corpus Analysis, Linguistics 
Abstract: Corpus analysis has potential as a source of insight on language constituency. We  describe a project whose 
objective is to employ such insights, drawn from statistical or frequency analyses, as a means of predicting 
the likely match between a readers’ reading comprehens ion level and one or more target texts. With this 
possibility, we provide a means of selecting reading materials that are suited to individual abilities.  This has 
promising application both for native English speakers and for second language learners of English. Our 
approach to this aim is detailed in this paper. 
 
1 INTRODUCTION 
This paper describes research into matching texts 
to readers based on a suitability measure using 
corpus analysis.  This research does not use the more 
popular current means such as fog indexing or the 
Flesch-Kincaid measures. 
There are two steps to achieving this goal.  
Firstly, we must rate the comprehension level of a 
given English language text.  Secondly, we require a 
means of rating the comprehension level of 
individuals to whom the texts are to be matched. 
Corpus Analysis has potential as a source of 
insight on language constituency.  Predicting the 
likely match between a reader's comprehension level 
and one or more target texts (a set of texts already 
scored) can be achieved from frequency analyses of 
said texts and the careful testing of familiarity of the 
readers. 
The paper will also discuss other currently 
researched means of matching readers to texts using 
approaches other than corpus analysis, providing a 
direct comparison and justification of the method 
discussed in this paper. 
Finally we will examine a practical means of 
applying these tests and show how such a system 
could be constructed and deployed from a readily 
accessible online base. 
2 GRADING THE TEXTS 
As mentioned previously, the analysis of the text 
or texts is an important step in realising our goal. 
To that end, we present a work in progress which 
has nonetheless been sufficiently tested and 
examined in its own right – the Strathclyde 
Complexity Measure (SCM). 
Current measures of readability use heuristic 
measures based on internal qualities of a text and the 
results calculated by these measures can be 
inaccurate and misleading.  This is often due to the 
reader's own comprehension of a given text being 
either inaccurately gauged or in some instances 
being ignored completely. 
We address this issue below, but for the moment 
we must investigate an ideal means of representing 
the readability of a paper.  There currently exists 
2 Chapter 
 
many dozens of readability tests to estimate the 
reading level of a document.  There are many factors 
which affect readability and the most popular 
measurements are word count for sentences and 
syllable counts for individual words which evaluate 
density of a text.  The complexity of a text is the 
salient measure we require, and none of the currently 
available measures can provide that. 
Their failing comes in the reliance on simple 
counting of the above mentioned factors, as 
exemplified below in the following three passages: 
 
After all the others had ordered their breakfasts 
without so much as a please (which annoyed Bilbo very 
much), they all got up.  The hobbit had to find room for 
them all and filled all his spare-rooms and made beds on 
the chairs and sofas, before he got them all stowed and 
went to his own little bed very tired and not altogether 
happy. 
Passage 1 
  
a after all all annoyed as bilbo breakfasts got had 
much much, ordered others please so the their they up 
very which without.  all all and filled find for had his 
hobbit room spare the them to.  all altogether and and and 
and bed beds before chairs got happy he his little made not 
on own rooms sofas, stowed the them tired to very went 
Passage 2 
 
Macrophages are differentiated from monocytes, 
which are eater cells derived from the bone marrow. When 
a monocyte enters the attacked tissue through the 
endothelium of a blood vessel (a process known as the 
leukocyte adhesion cascade), it undergoes a series of 
changes and becomes a macrophage. The attraction of 
wandering macrophages to a damaged site occurs through 
chemotaxis . 
Passage 3 
 
Passage 1 is a clearly readable piece of text from 
which a reader can garner meaning; Passage 2 is still 
readable in that it contains the same simple English 
words as Passage 1, but the alphabetical 
rearrangement for each sentence (with the words 
kept in their original sentences) renders the passage 
meaningless to anyone other than the most persistent 
of linguists; Passage 3 is clearly English but contains 
many complex words which are small enough in size 
(syllable count) to avoid elevating its reading ease 
score much more than that assigned to Passage 1. 
 
 
2.1 Methods of 
Grading 
Traditional methods of scoring a text would give 
both passages 1 and 3 a similarly high readability 
score due to the low word/sentence ratio and syllable 
length.  In an ideal world Passage 2 should of course 
receive a lower readability score due its alphabetic 
nature.  However the method we describe does not 
include any mechanism for determining if a passage 
makes sense or not and its inclusion here is merely 
to demonstrate that fact.  None of the measures 
investigated here (FKRE, FKGL, Gunning Fog) can 
determine if a passage makes sense so we are not 
compromising the efficacy of our measure by also 
not including it.  The methods of testing described 
later assume the target texts are already recognised 
English language texts. 
Latent Semantic Analysis (LSA) is currently a 
popular means of measuring a text's semantic factors 
– those related to communicating meaning – which 
has the possibility of addressing the problem 
presented by instances (however rare) exemplified 
by Passage 2.  LSA employs a technique whereby a 
large 'term by document' matrix is simplified into a 
high dimensional model of factors (typically 
upwards of 100 factors).  These factors can then be 
recombined in a linear fashion to approximate the 
original document (Landauer and Dumais, 1997 and 
Deerwester el al, 1990). 
LSA can now represent a text, its semantic 
complexity and its index mathematically with a very 
high learning mechanism.  This model would be 
representative of the 'zone of learnability' (Wolfe et 
al, 1998) similar to that of a student having exposure 
to the same level of full texts.  It could then learn 
from more texts based on the current model of 
context it has. 
Despite the powerful advantages to LSA in its 
autonomous nature and impressive domain it does 
not entirely meet our needs in this problem.  The 
issue we are interested in addressing here is the 
complexity based on specific texts and specific 
readers' understanding of those texts.   
Using LSA to assign texts would still require 
user testing to gain their understanding, so that their 
requirements are represented in the model.  The 
degree of user testing required to make LSA of any 
use takes us away from the simple nature of a single 
online test.  An LSA model would be representative, 
but not wholly accurate enough for our needs.  
When consideration is also given to the largely 
mathematical nature of LSA and it's own learning 
ability, we risk removing the human input altogether 
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and falling into an artificial testbed providing us 
with no insight into the match by reader canon we 
are seeking. 
 
2.2 Strathclyde 
Complexity Method 
To address these issues, we introduce The 
Strathclyde Complexity Measure (SCM) which has 
been developed within the computer science 
department at the University of Strathclyde.  This 
method has been developed with technology-based 
testing in mind and to account for the shortcomings 
of other traditional means. 
SCM continues to make use of sentence length 
just as in the older methods.  Sentence length 
remains one of the major indicators of readability.  
To account for the complexity of a text, corpus 
analysis is used to identify words which appear less 
often than others from a frequency list created from 
the target text: the less a word appears in the text the 
more complex it is.  More occurrences of such 
words in a single text ensures it is scored highly by 
the measure indicating high readability.  The 
frequency list used in SCM has been sourced from 
the British National Corpus. 
3 TESTING THE USERS 
We now have our method for reliably scoring 
texts.  We must now address the second requirement 
of our problem.  Now that we can score a text's 
complexity does not also mean we can accurately 
match that text to a read er with unknown level of 
reading. 
The reader's own understanding of text must be 
measured.  This should be performed in such a way 
that an entire text isn't exposed to the reader, 
rendering the test moot – having a reader complete 
an entire text will skew the results towards that one 
text's complexity.  Furthermore the reader may be of 
a level of understanding well below or far higher for 
the result to be of any use, not to mention such a test 
being unwieldy and time consuming to administer.  
A more succinct manner of testing a reader's 
comprehension of text is to test her understanding of 
a series of select words, one by one, carefully chosen 
so as to be a representative sample of all levels of 
complexity.  In querying a reader on their 
knowledge of the word's ex istence and proper use, 
we can quickly build a model of her reading level.  
This series of tests would be easy to apply to a 
reader from an online system such as the one we 
require. 
Simple as this solution may be, there is 
nonetheless a flaw.  The idea of testing only single 
words against a subject's  knowledge of English 
brings back into question the measure of complexity.  
The Flesch-Kincaid measures may make good use of 
this test model as they can easily rely on syllable 
counts in single words to measure readability.  To 
have texts matched to readers based on SCM scoring 
a middle ground between whole text and single word 
testing must be achieved. 
To better test a reader's comprehension of ideas 
and their grasp of how to build meaning solely from 
the text presented to them, we look to the Cloze 
procedure.  Cloze has been developed from the 
notion of closure, which in linguistic terms is the 
human tendancy to fill gaps which appear in a 
recognised pattern. 
The Cloze procedure can further be qualified 
from the psycholinguistic perspective of reading as 
an act of communication in which a reader makes 
use of a redundant cue system within a language to 
reduce uncertainty and therefore increase 
predictablility (Adelberg and Razek, 1984).  The 
redundant cue system in this case is a set of basic 
grammar rules (implied in the text and assumed to 
be already learned) and a foreknowledge of the 
subject at hand, although not necessarily of an expert 
level. 
Humans are able to fill in the gaps based on the 
context of a given passage, and it has been shown 
that the accuracy with which a reader can predict 
text is a direct indication of successful 
communication between the author and the reader 
(Guillemette, 1989) – that is, the simpler the text the 
more the reader will understand and the higher the 
score in a Cloze test will be. 
3.1 Applying a Cloze 
Test 
As already alluded to, Cloze passages are 
selected passages of text which have gaps – words 
that have been removed at particular intervals.  To 
ensure enough of a context is provided, these gaps 
typically begin at the fifteenth word and then at 
regular intervals thereafter.  Depending on the 
intended test audience the interval can be quite high, 
say every 10th word removed recommended for 
children (Chatel, 2001), or relatively lower intervals 
such as every 5 th word for more adult audiences 
which is our intention here. 
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Such a passage can then be displayed to a 
student with an indication that the gaps are to be 
filled with what the student believes will maintain 
the meaning of the original.  The tools available to 
the student will be only her foreknowledge of the 
subject (whatever it may be) and the surviving 
context of the Cloze passage. 
The words removed from the passage will be 
replaced with a simple underline indicating a gap to 
be filled.  Each of these underlines should be of 
equal length so as to discourage the student from 
guessing at the word from visual cues rather than 
using the context of the passage. 
Student's should be encouraged to fill in every 
gap if possible and reread a completed passage 
before submitting it.  
  Scoring of the completed tests is a simple matter 
of counting the correct answers against the 
maximum possible score and expressing the result as 
a percentage.  Interpreting the percentage can then 
provide a determination of the student's reading 
level.  Three levels have been quantified (Leu an 
Kinzer, 1999) as follows: 
 
Independent Reading Level – 58% - 100% 
Instructional Reading Level – 44% - 57% 
Frustration Reading Level – 0% - 43% 
  
 This levelling is based entirely on the agreement 
that the answers provided by the student must 
exactly match those words removed by the Cloze 
procedure.  Otherwise, there is a second more 
complex method of counting synonyms or words 
which otherwise preserve the meaning of the 
sentence.  In this exam ple, any score below 70% 
would indicate a Frustration Reading Level. 
 To suit the needs of our tests, the first method has 
been chosen to grade users for reasons described in 
the next section. 
There are other interpretations of the Cloze 
procedure which remove specific words in a 
student's knowledge.  Such arrangements are made 
to test a student on a specific subject, but this does 
not apply here. 
Cloze tests are not traditionally timed, but a time 
of completion may be noted for future reference and 
use in further testing.  Quicker completion of the 
same passage (or one of similar complexity) may be 
an indication of an increase in the student's reading 
level.   
We are now presented with an elegant manner in 
which to test a user on their own level of reading 
which very closely ties the result to the scores given 
to texts – each method testing text and user 
providing very conclusive results.   
The percentage range of results in a Cloze test 
provides a like for like comparison to the texts and 
makes the match a much more simple task.  The 
intention now is for students scoring highly (i.e. at 
an Independent Reading Level) to be matched to 
texts scoring similarly high, if not higher.  This trend 
can continue down the reading level scale, matching 
readers to an appropriate level of text. 
4 SYSTEM DESIGN 
A requirement of this project was to provide user 
testing from an online system.  This requirement was 
necessary to accommodate multiple tests 
simultaneously and to be able to provide access to 
the system to as many users as possible, irrespective 
of platform.  A Web based solution meets those 
requirements and provides omnipresence in today's 
Internet ready world.  This also suits the technology 
based groundings of the SCM measure. 
The architecture for our evaluation system will 
ape that of many before it, most considerably that of 
the DEUCE test bed (Weir and Osaza, 2003) 
although our system is less concerned with directly 
testing English as a Second Language competence 
(despite its obvious application in such a domain, 
addressed later). 
The architecture for our evaluation system is 
shown in Figure 1 and is built on the same principles 
as that of DEUCE, but with less emphasis on the 
configurability of the same test in many ways.  The 
important point is that our system is able to deliver 
tests in an online distributed environment to multiple 
simultaneous students.  Such a design saves 
considerable time and effort when compared to other 
direct means of testing, such as that discussed in a 
previous section. 
The want for simplicity in the tests has led to the 
selection of an unassuming and unintrusive design 
so that the student can focus their efforts on the 
(perhaps) complex text they are presented with.  
Simple client side HTML display will suffice in this 
instance.  A PHP-based server side program will 
facilitate the selection of a random passage from an 
SQL database and display it to the student, along 
with instructions to complete the blanks. 
The blank underlined sections will be simple text 
areas for the student to fill in as she sees fit.  After 
completing the test an unbroken passage should then 
be presented to the student ready for submission to 
the system for evaluation and scoring. 
In scoring a passage, the student's entered text 
will be compared to a list of correct responses stored 
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alongside the passage in the database.  Only exact 
matches will result in a correct score being counted 
against the student.  This was a design choice made 
to simplify the system as having a seperate 
dictionary to check (mis)spellings and thesaurus to 
check synonyms could cause a heavy load on the 
server.  The cost to build and complexity to 
implement is important to consider as well due to the 
want for a simple and inexpensive test bed to 
provide effective testing.  This design choice is 
influenced and in turn influences the Reading Level 
discussed in the previous section. 
 The database will also manage the matching of 
the currently tested student against the set of target 
texts whose scores under SCM it will also hold.  A 
correlation between the student's understanding of 
the passages and the SCM score of the target texts 
will exist and the comparison will allow the 
selection of a well matched text to be given to the 
user.  This can then be stored to be used by an 
administrator or teacher to later assign texts.  This 
has the potential to have a student's progression 
logged, which will be of use in an educational or 
even therapeutic domain.  
5 FURTHER WORK AND 
CONCLUSIONS 
Our work here has shown that corpus analysis is 
an easy and accurate means of matching readers to 
texts using a new method of scoring these texts in 
the Strathclyde Complexity Method. 
This method has been demonstrated to be more 
efficient to those currently in use by its analysis of 
the content of text as well as the consideration of the 
standard measures.  SCM also holds over other new 
methods such as LSA for its direct testing of 
students' understanding of text and less artificial 
domain.  It also stands in both native English 
speakers and English as a Second Language 
domains, although this was not an original 
requirement. 
The hypothesis of the 'zone of learnability' and 
the importance of a pupil's prior knowledge are 
factors which could perhaps be explored in more 
depth in research of this area, but for the time being 
the method described here functions well without 
further investigation of them. 
The Cloze procedure provi des a highly efficient 
and flexible diagnostic tool for measuring a student's 
reading level and a comparable measure of 
understandability in a student of an already scored 
text.  Despite it's single application here, it can be 
shown to be a multidimensional strategy capable of 
instructional use as well as diagnostic. 
 Furthermore, it can be varied to remove different 
classes of words which can radically affect the 
nature of the tests and provide an entirely seperate 
set of results to co-exist with those sought here.   
Such insights could lead to either the realisation 
of a student's high capac ity for learning or, more 
likely, a requirement to chan ge or update the target 
passages or texts they are sourced from.  
Figure 1: SCM software architecture 
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Conversely, the same analysis could be used to 
identify students unexpectedly struggling when 
compared to the mean of student comprehension.  
Again a change of target texts might be necessary 
here, but perhaps more far reaching therapeutic 
symptoms (those far outside the domain of this 
project) can be identified. 
With further work to the architecture of the 
system, a management suite could be produced to 
provide detailed analysis of students and texts to 
further explore text to reader matches. 
Finally, corpus analysis could be applied to 
completed student tests to evaluate the complexity of 
them.  Through scoring of these passages, further 
insights into a student's own reading level could be 
obtained.  Even if a student's score on the passage 
was low due to the exact nature of the tests, the use 
of more complex language could indicate a higher 
than graded reading level.  However, use of this 
analysis will have to wait until a more complex yet 
cost effective means of implementing the second 
scoring system discussed in section 3.1 can be 
found. 
Despite this, corpus analysis remains a very 
accurate and powerful choice for achieving our 
aims. 
 
REFERENCES 
Landauer, T K, Dumais, S T, 1997.  A Solution to Plato's 
Problem: The Latent Semantic Analysis Theory of 
Acquisition, Induction and Representation of 
Knowledge 
Deerwester, S, Dumais, S T, Furnas, G W, Landauer, T K, 
Harshman, R, 1990.  Indexing by Latent Semantic 
Analysis.  Journal of the American Society of 
Information Science 
Wolfe, M B W, Schreiner, M E, Rehder, B, Laham, D, 
1998. Learning from text: Matching readers and texts 
by Latent Semantic Analysis 
Adelberg, A H and Razek, J R, 1984.  The Cloze 
Procedure: A Methodology for Determining the 
Understandability of Accounting Textbooks.  The 
Accounting Review, Volume 59, pp109-122 
Guillemette, R A, 1989.  The Cloze Procedure: An 
Assessment of the Understandability of Data 
Processing Tests.  Research – Information and 
Management, pp143-155 
Chatel, R G, 2001.  Diagnostic and Instructional Uses of 
the Cloze Procedure.  The NERA Journal, Volume 37, 
Number 1, pp3-6 
Weir, G R S and Osaza, T, 2003.  DEUCE: A test-bed for 
evaluating ESL competence criteria. 
